Antisera. The preparation and specificity of these reagents are fully described in (17) . Rabbit antisera to mouse IgA, IgG, and IgM were raised against the respective heavy chains isolated from partially reduced and alkylated proteins. These antisera and normal rabbit serum were absorbed with mouse thymic leukemia cells (L1210) before use. All antisera, with the exception of anti-IgA, were cytotoxic for MN cells in the standard dye exclusion assay (17) . Anti-IgA antiserum was not cytotoxic by this criterion since only a small percentage of the entire MN cell population bears IgA, and death of these cells, if it occurred, could not be distinguished from background. However, the anti-IgA antiserum was specifically cytotoxic to the population of MN blast cells in its effects on homing (see Results). The specificity of the anti-IgA antiserum was checked by absorption with the IgA myeloma protein TEPC-15 coupled to APB-cellulose (18) . Absorption removed all anti-IgA activity detectable by both Ouchterlony analysis and effects on the homing cells.
lmmunofluoresce~ce andAutoradiography. Indirect immunofiuorescence (IF) was used. Combined immunofluorescence and autoradiography (AR) was performed as previously described (13) . The percentage of label recovered from the small intestine is also given in Table I . In agreement with previously reported data (12, 15) , MN blasts evidenced a greater tendency than PN blasts to go to this site. Homing occurred to the small intestine at all times.
Results

Distribution of Radioactivity in
When 51Cr or [3H]uridine was used to label the entire population of injected cells, the distinction between MN and PN cell populations was rarely statistically significant with respect to either lactating mammary gland or small intestine.
To determine whether there is competition between mammary gland and gut for the same population of cells, we compared the distribution of labeled MN blasts in lactating and nonlactating individuals (Table II) . In each of three experiments in which lactating and nonlactating mice were injected with the same population of donor cells, the combined recovery of radioactivity in the mammary glands and small intestine was greater in lactating mice. The possible significance of this finding is discussed later.
Occurrence of IgA in Homing Cells in Recipients. Sections of mammary gland taken from mice injected with labeled lymphoblasts late in pregnancy and during lactation were studied by combined AR and IF to determine what proportion of the homing lymphoblasts contained IgA. Table HI and Fig. 1 show the results. Although only 5-10% of the labeled MN cells showed IgA in the cytoplasm before transfer, the overwhelming majority (84-93%~ of the labeled cells found in the mammary glands 16-20 h after transfer of MN blasts contained IgA. On the other hand, labeled cells of PN origin were less frequent in the mammary glands, and although PN blasts could give rise to IgA-positive plasmablasts, they did so much less often than MN blasts.
Effect of Depletion of Ig-Bearing Cells or CRL from the Donor Population. The previous data show that MN blasts are potentially able to seed the mammary gland with precursors of IgA plasma cells. Subsequent experiments were designed to determine whether the MN blasts which home to the mammary gland are precommitted to IgA synthesis, i.e., already produce IgA while still in the MN rather than only after emigration. Antisera to IgA, IgG, or IgM, plus complement, were used to treat labeled cell populations before transfer. Results of such experiments are shown in Table IV . Anti-IgA antiserum markedly diminished homing to the mammary gland and small intestine, though it consistently gave a cytotoxic index close to zero. This probably reflects the fact that cells bearing IgA occur in limited numbers in the population of MN cells taken as a whole, though they represent the bulk of the homing cells. Anti-IgG and anti-IgM antisera, on the other hand, were demonstrably cytotoxic but had no effect on homing. Rinsing the cells at 37°C (experiment 2) to promote elution of passively adsorbed IgA (13, 19, 20) before treatment with anti-IgA antiserum did not alter its effect on homing. Absorption of the antiserum with insoluble IgA (experiment 6) did remove its activity. The effect of anti-IgA antiserum plus complement on the subsequent homing of labeled MN blasts was also assessed by combined IF and AR of recipient mammary glands. This treatment reduced both the number of donor cells and the percentage containing IgA (Table V) .
Labeled MN cells were also depleted of CRL to determine whether cells homing to the mammary gland lack complement receptors, as do cells homing to the gut (15) . In two experiments, removal of more than 95% of the CRL had no effect on homing to either the mammary gland or gut. Evidently, B 
Effects of Various Antisera, Plus Complement, on Homing of 125IUDR-Labeled MN Cells to Mammary Glands of Lactating Mice 6 Days Postpartum
Exp. A n t i s e r u m Cytotoxic index
Percent injected label recovered in 7.0 _+ 1.6 7.1 __-0.3 a n t i -I g A 1 3.5 _* 0.5 4.5 ± 0.7 a n t i -I g M 22 6 .0 _+ 1.2 6.7 ± 0.4 4 NRS -3.0 _+ 1.2 5.7 ± 0.8 a n t i -I g A 0 1.7 ± 1.5 2.8 ± 1.3 a n t i -I g G 20 2.7 _+ 0.5 4.6 _+ 1.0 5 NRS -2.2 _+ 0.1 4.7 ± 0.3 a n t i -I g G 20 3.1 _+ 1.6 3.8 ± 0.6 a n t i -I g M 38 2.3 _+ 0.1 4.6 _+ 0.4 6 NRS -7.7 ± 2.9 4.9 ± 0.7 a n t i -I g A 0 2.1 ± 0.2 4.0 ± 0.1 a n t i -I g A 0 8.0 ± 1.1 5.0 ± 0.1 absorbed w i t h i n s o l u b l e IgA * Normal rabbit serum. 5 In experiment 2 the cells were rinsed three times at 37°C, instead of at 0°C as in the other experiments, before treatment. lymphoblasts homing to the mammary gland and small intestine are alike in bearing surface IgA and lacking complement receptors. Discussion Secretory IgA antibodies specific for antigens of gastrointestinal microorganisms can be found in milk after oral immunization (3-7). In the GALT, B cells are selectively committed to IgA synthesis (9, 10, 12, 13, (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . These observations led to the suggestion that intestinal exposure to microorganisms stimulates gut-associated lymphoid cells which migrate to the mammary glands and contribute to the antibodies in milk (5, 7). Until now, direct proof that GALT cells can migrate to the mammary gland has been lacking. In the present work, we have shown that MN lymphoblasts already committed to IgA synthesis can home to the mouse mammary gland late in pregnancy and throughout lactation, but not to the resting mammary gland.
We believe that the homing cells are members of the same population which regularly homes to the small intestine throughout adult life and gives rise to the large numbers of IgA plasma cells found normally in the lamina propria. The evidence is as follows:
(a) The ability to home to both mammary gland and small intestine is a property of MN blast cells, but not resting small lymphocytes.
(b) Pretreatment with antiserum to IgA, but not to IgG or IgM, in conjunction with complement, prevents homing of MN lymphoblasts to both mammary gland and gut. This treatment is effective after passively adsorbed surface Ig is eluted by thorough washing of the donor cells at 37°C. These results imply that only IgA-bearing cells home and that their surface IgA is endogenous.
(c) As in the case of cells homing to the gut (12, 13), a large proportion of lymphocytes homing to the mammary gland matures into IgA-containing plasmablasts within hours of transfer. In both organs the histological location of the homing donor cells is the same as that of host IgA plasma cells. After treatment with anti-IgA antiserum, relatively few of the transferred cells lodging in either organ contain IgA.
(d) The B blasts which home to the mammary gland, like those which home to the gut (15), lack receptors for complement.
(e) The spectrum of antibody specificities produced by IgA plasma cells in mammary gland and intestine is similar (3) (4) (5) (6) .
One piece of evidence seemingly contradicts the hypothesis that one cell type homes to both mammary gland and intestine. On this hypothesis one might expect, given a limited number of cells capable of homing to either location, that they would be distributed between these organs in lactating recipients and would accumulate in the intestine of nonlactating recipients. In fact, however, a larger fraction of cell-associated radioactivity is recovered from the mammary glands and small intestine of lactating recipients than from the combined tissues of nonlactating recipients (Table II) . This result could be taken to imply that separate populations of MN blasts are capable of homing to the gut versus the mammary gland. However, we prefer another explanation, i.e., that homing is never entirely efficient, and in the presence of increased trapping tissue more total homing can be observed. The actual mechanism of homing to either site is not known. Homing to intestine is always observed; in contrast, homing to mammary gland occurs only during late pregnancy and lactation. This correlates with the period when, under natural conditions, the IgA plasma cell population of the gland is increasing most rapidly (11) . Thus, homing to the mammary gland, in contrast to the gut, is probably an inducible phenomenon under hormonal control/
The basic mechanism of homing to the gut must be antigen-independent since homing of MN blasts to antigen-free grafts of fetal gut has been described (12, 31, 32) . The presence of antigen can, nevertheless, influence homing. For example, primed lymphoblasts making IgA specific for cholera toxoid localize preferentially at sites of antigen deposition in the intestine (33) . Antigen, however, is unlikely to play a direct role in homing of GALT cells to the mammary gland since this organ appears not to contain enteric antigens absorbed from the gut (5, 7).
Recent results (34, 35) suggest that competition between inflammatory sites influences the migration of immunoblasts to the gut and, by analogy, might influence migration to the differentiating mammary gland. However, T blasts, not B blasts, account for the inflammation-induced increase of cells in the gut (34) . The finding (35) that labeled thoracic duct lymphoblasts from parasiteinfested rats accumulated in increased amounts in mammary glands of lactating syngeneic rats probably parallels our own. However, the association of label with particular populations of T or B lymphoblasts was not studied.
Our demonstration that B lymphoblasts committed to IgA synthesis have the potential to leave GALT and home to the mammary gland does not exclude the possibility that T cells derived from GALT can follow a similar pathway. This idea is supported by the finding that T lymphocytes in milk respond selectively to enteric antigens (36, 37) . The possibility should be entertained that GALT-derived T cells play a role in development of the secretory IgA system in the mammary gland.
It now seems reasonable to incorporate the mammary gland into a model previously proposed by ourselves and others (9, 12, 27-30, 33, 38) for the circulation of IgA immunocytes to the gut. This model is shown in Fig. 2 
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Model for the circulation of IgA immunocytes to the gut and mammary gland. Lymphocytes originating in PP migrate to MN, where they divide and differentiate. They leave the MN via the thoracic duct and peripheral blood to lodge in the lamina propria of the gut or, during late pregnancy and lactation, the intralobular connective tissue of the mammary gland, where they assume the appearance of plasma cells.
(PP). They migrate to the MN, where they divide and differentiate. The precursors are clearly committed to IgA synthesis before leaving the MN, and probably before leaving the PP. Via the thoracic duct and peripheral blood they reach the lamina propria of the small intestine. During late pregnancy and lactation, these cells also lodge in the periglandular connective tissue of the mammary gland, which is postulated to contain the same receptor as the intestine. In these latter sites, maturation into fully developed IgA plasma cells occurs. Moreover, it is likely that GALT is capable under natural conditions of supplying B cells to other parts of the secretory immune system as well. Indeed, under experimental conditions, PP can repopulate the respiratory tract with IgA plasma cells, and cells from bronchial lymphoid tissue can serve in the same capacity to the gut (27) . Under appropriate circumstances exposure to antigen at one secretory surface containing organized lymphoid tissue might thus confer adaptive immunity at other secretory surfaces. This has obvious implications for prophylaxis against disease.
Summary
Lymphoblasts from the mesenteric lymph nodes (MN) of mice home to the mammary glands of syngeneic recipients late in pregnancy and during lactation, and within hours of transfer most can be shown to contain IgA. Homing does not occur in virgins, in early pregnancy, or after weaning. Homing MN lymphoblasts are sensitive to antiserum to IgA plus complement, but not to other class-specific antisera. Thus, lymphoblasts in MN with the potential to home to the mammary gland are already committed to IgA synthesis and bear surface IgA before reaching their destination. These results explain observations, made by others, of specific IgA antibodies and IgA plasma cells in milk and colostrum after oral immunization. Under natural conditions it is likely that IgA precursor cells, after stimulation in the gut-associated lymphoid tissue by intestinal antigens, migrate to the mammary gland where they secrete antibodies which constitute an important defense mechanism of the newborn. In the absence of lactation, these cells probably form part of the normal traffic to the lamina propria of the small intestine.
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